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Glycosylated Hemoglobin Assay and Oral Glucose Tolerance Test 
Compared for Detection of Diabetes Mellftus 



Richard F. Do(S$ and Carlos B<^ey 



Ws compared tl>e oral glucose tolerance test {!) as e\^t- 
uated by six commonly used scor}r>g methods and total 
glyc<^wm>giobifi assay (H) with respect to »>eir value in 
the diagnosis ot diabetes mellitus. D^nding on the 
evaluation mefliod ttsed for I, 16.7 to 64,3% of those 
subjects diagnosed as diabetic or borderline by ttiis test 
were judged to be ncjrmai by It. The best agreement was 
between il and ^ Unger evafuation mettod. High-den- 
$lty<llpoprotetn <^le$terot, wh{<rf^ showed an inverse 
ctHTetation wi^ 8. was decreased in subjects judged to be 
diabetic by «ie Unger method. We conclude that ttie utili- 
zation of ii measurement as a screening meOwd for dia- 
betes m^titus is consistent with a conservative approach 
to the diagnosis of diabetes. 

AdctHlodjil K«yphras«»: hi^}-<tensi^tip<^otaiit chofoS" 
terof ' (MgnosilcakU • intwtm&MKi con^iarison 

For many yeaie, diagnoeia of diabetes meSitus has depended 
primarily on results of oral glucose-loading: tests. Fasting 
hyp«i|Etycemia> a late manifestation of diabetes, is not gen- 
erally «aefui for evaluating the presence or severity of glucose 
intoIeran<!e, The oral glucose tnierance test (oGTT)^ has been 
criticised as leading to overdiagnosis of diatietes (/, 2) because 
of the scoring systems used to evaluate test results. Further- 
more, ih» results of this test tan vary with such factors as age, 
presence of ittfeciton, previous diet, time of testing, and 
physicai activity of the subject. 

The glycosylated hemqiiobin components (HbAO'^ are in- 
creased in diabetics (5). This assay has found acceptance as 
a means of raeasuring the degree of long-term regulation of 
blood glucose in known diabetics, but the potential value of 
the HbAi assay as a screening technique for diabetes has not 
as yet been thoroughly evaluated. Koenig et al, (4) reported 
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' The foHowii^ nonstandard ahbreviations are used in thia paper: 
oGTT, oral glucose tolerance t«8t; HDL-cholesterol, high-density- 
lijKtprotein cbolest^roJ; HbAi, total gJyco^iated hemogiobin; HhAip 
glycosylated heroogiobin fraction c. in addition, for brevity, the on*} 
glucose tolerance teat as scored by « specific evalnation method i» 
de»i)jnat«l as oGTT Mowed hy the test abbreviation W, FC. UODP, 
.IJXS, USPHS, or U {se« text), 

MbAj is compowd of at least four fractiom, HbAu+h+r+d- The 
HbAic fractjoii is the most increased In diabetic patients. However, 
there are significant increases in the other fractions. We measured 
total glycohemcglobin in this study because the smalt increases in 
Hbia^(>4-)!> add«d to the increase in HbAjc, tend to enhance the 
disUnction between diabetics and nondiabcties. 
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a good cmrelation between Hl)Ajc and the area under the 
oGTT curve, ^ufttbgo et al. {5) reported a corcelataon between 
HbAic and the response to glucose loading at I and 2 h of the 

oCJTT. 

We have evaluated the oGTT by six scoring methods: 
Wilkerson m {6). Pi^ans-Conn (FC) <«), The University 
Group Diabetes Program (UODP) (6), Japan Diabetic Society 
(JDS) m, U.S. Public Health Service (USPHS) (2), and 
Unger (U) (8). We corapared the results with each other and 
with results of the HbAi assay. 

Since high-densi^-lipoprotein cbotesterot (HDL-choles- 
teiol) is decreased in diabetics (9), we also explored its rela- 
tionship to HbA.1 and its potential usefulness in identifying 
diabetics. 

Materials and Metttods 

Subjects 

A total of 35 apparently healthy subjects, 23 women and 12 
men ranging in age from 23 to 80 years, served as a control 
group, A total of 27 pattenta (15 women, 12 men), hospitalized 
for uncontrolled diabetes meliitus and ranging in age from 23 
to 82 years old, were studied. All were on instdtn therapy. The 
mean serum glucose (fasting) was 1.95 g/L (range 1.20-4.30 

We evaluated results of 44 oGTT's. Subjects in the glucme 
load study ranged in age from 20 to 70 years and consisted of 
22 women and 22 men. The oGTT was administered by giving 
a lOO-g load of glucose (Dexto!; Sherwood, Inc., St Louis, MO 
63103) aft«r a i2-h (overnight) fast. Samples for HbA j and 
HDL-cholest«rol measurement were obtained, along with a 
sample for glucose assay, immediately before Dextol admin- 
istration. 

Procedures 

HbAj was determined by mini-column chromatography 
based on the separation method of Trivelli et aL (10}. Mim- 
columns, 0.8 X 4 cm. packed with Bio-Rex 70 cation-exchange 
r^in (Bio-Rad Laboratories, Richmond, CA 94804) were used 
to separate total HbAj from ungiycosylated hemoglobin. The 
resin had been washed with diiute HCI and water, then 
equilibrated with the eluting buffer, fines being removed at 
the buffer-equilibratitm step. Columns were poured a-s a slurry 
in buffer and allowed to settle overnight at room temperature. 
Theelution buffer (pH 8.70 dt O.Oft) conUined, per liter, 4.&9 
g of sodium dihydrc^en phosphate monohydrate, 1.18 g of 
anhydrous disodium hydrt^en phospliate, 650 mg of potas- 
sium cyanide, and 650 mg of sodium azide. Blood samples with 
diaodium ethylenediaminetetraacetate as antjc(»«gulant were 
hemolyzed by mixing 100 fiL of whole blood with 400 fiL of a 
5 mh/L solution of Triton X-tOO surfactant (Sigma Chemicsd 
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Co., St, Louis, MO 63178) and aHowing the mixture Ui stand 
for 10 niin at room temperature, with occasional s^itation. 
Fifty microtiters of each hemolysate was gentJy added to the 
top of each column, followed by about 250 piL of buffer. A 
standard obtained from Isolab, Inc., Akron, OH 4432X {H«- 
nw^lobin Mini-Coiumn Standard. QS-79) was ineludeid in 
eacK run. Four miililitere of buffer was added to each column 
and the el«ates were collected. 

While the cotumns were developing, total hemogiobin was 
determined by adding 10 itt of each hemolysate and the 
standattl to 10,00 mL of buffer. The absorbance (A) of each 
sample and standard, both that of the eluate and that for total 
hemoglobin for each, was measured at 416 nm in a l,Ot)-cm 
cuvet referenced to wat«r. The labeled vaJue for tJhe standard 
was obtained by the aupplter. using the Trivelli macrocolumn 
chromatographic method {10), We found the column-chro- 
matographic method to be sensitive to ambient temperature 
and column packing. We corrected f<»r this by multiplying tlie 
HbAt value obtained from equation I for each patient's 
sample by a factor derived from the ratio of the labeled value 
for the stsmdard to the value detemined for the standard in 
the run (equation 2). 

%HbAi " (A of elu&te/total A placed 

on column) X 100 <1) 

where "total A placed on column" » fiJJlO mU X <10 
mL/4 mL) x A, for total hemoglobin sample. This atmpMes 
to 12.5 X A for total hem<«lobin sample, 

%HbAi{corrected) » %HbA, 

X {labeled value for fitd,/vatue determined for std.) (2) 

Corrected HbAi values are used in our study. 

The coefficients of variation intra-run were 3.0% {for HbAt 
values of S to 10%) and 4.0% (for HbA, values exceeding 10%). 
The corresponding inter-run coefficients of variation were 4.0 
and 1.0%. 

HDL-cholesteroi was quantitated by polyacrytamide gel 
electrt^horesH as described by MuiUz (i i ), except that pooled 
sera of known HDL-chotesteiot content served as standards; 
the HDL-chotesterd otmcentration of each standard had been 
determined by phosphotungstate-msgneaiuro precipitation 
followed by enzymic assay of cholesterol in the supernate 

im. 

We used a standard curve relating HDL-cholesleroi con- 
centration to the area under the HDL peak of the densito- 
metric scan. HDL-cholestetol as determined by this method 
correlated satisfactorily (r « 0.96, ?%ure 1) with the phoa- 
photungstate-magnestum precipitation method. 

Venous blood was collected with disodtum ethylenedi- 
aminetetraacetate (1 g/L) as anticoagulant and stored at 4 *C 
for up to three days for HbAj analysts. A portion of each 
whole-blood sample was centrifuged, and the plasma was re- 
moved and stored at 4 *C for total cholesterol and HDL- 
dtolesterd assay. 

Evaluation of the Oral Oiucose Tolerance Test 

The oGTTfor the detection of diabete* mellitus was eval- 
uated by the following methods: 
(«) The Wilkersim mm System ioGTT-W) (6): 

Time, b g^L Points 



1 



>l.S4 



Fig. 1 . Correlation between conc«ntrat»oo of HOL-dwlesterol 
as determined by pcriyacryiantide gat eiectrcphoresls, with us« 
of standards of known vaius. and that dstermtnad tjy pho$> 
{«K>Hmgst8te^M9Ct£ precipltailon 

ft B 17, f » 0.96, y = IM* - 32.9 

ib) The FajanS'Com Criteria (oGTT-FC) («): 
Time, fa 



1% 
2 



>1.84 
>1,64 
>L39 



If all criteria are exceeded the individual is considered di- 
abetic. In our study, a subject who exceeded one or two of the 
above criteria was considered borderline. 

(c) The Vnicersity Group Diabetic Pmgmm (oGTT- 
UGDP) (6); 

An individual is ct)n.sidered to be diabetic if the sum of the 
fasting, 1-, 2-, and 3-h glucose valu^ exceeds 5.98 g/L. No 
criterion for borderline subjects was established. 

id) Japan Diabetic Society {aGTT-JDS) (7): 



Time, h 



>1.80 
>1.60 



When both of the above criteria are exceeded the individual 
is considered diatwtic. The subject is considered borderline 
if one of the criteria is exceeded, or if at 1 and 2 h the glucose 
concentrations are 1.60 to 1.80 and 1.20 to 1.60 g/L. respec- 
tively. 

(c) U.S. Puhlii Health Service {oGTT-USPHS} (2): 



Time.h 



>1,24 
>1.94 
>L39 
>L24 



Points 



A score of 2 points or more indicates diabetes. A score of 1 
or l^fz is considered borderline. 



A 3C(»e of 2 points or more indicates diabetes; 1 or 1% points 
is considered borderline. 

if) Unger Evaluaticn Method ioGTT-U) (Sit 

T>me.h g/L 

1 >2.S9 

2 >2.19 

When both criteria are exceeded the subject is considered 
diabetic. If one of the criteria is exceeded the subject is con- 
sidered borderline. 

Evaluation of ttie Total Glycohemoglobtn |HbAi) 
Assay 

A value greater than 9.6% was considered indicative of di- 
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Tabte 1. HbAi ami MDL-Citoiesteroi Concentrations in H«aitliy and Oiabetic Si^jects 









HgisflfJK — tHtrsUxfy 


(*n8%) 


Men 


12 


47,8(12,4) 


40 7.20(0.76) 


478(96) 




23 


42,3 (17.0) 


49 7.41 (1,08) 


629(117) 


Men 


42 






465(134) 


Women 


57 


5(60-69}* 


D^bstic st^jects — ow study 


588(164) 


Men 


12 


88.1 03.5) 


87 12.2 (2.1)* 


337 (la?)*-* 


Women 


15 


81,7(14.4) 


63 12.3{3.1)«* 


411(112}** 



•Agefaflfl*! 

" Slsnifieantiy <S«6rant from twsiijny men 8t p < 0,001. 

* Significantly from f remin^wm men at p < 0.01. 
<« S<9nH»ea«tly mvmi from healthy womm at p < 0.001. 

* Slgni«ctm% <m»m from FranKngham wwnen at ^ < 0.01. 



TftlJte 2. C<»iH»8rison of Two Oral Ciucose Toi«ranc« T«si Scoring IM«tiiods 



38.3(17.3) 
86.0(6.84) 
55.8 (17,7) 



• SH9nittc»)% different tram Gniup 1 si p < 0<0i. 
Otoup l—iwmaJ by f C stantenis: iwm»i !iy u cftterte. 
Ctreup 8— abmitmei by l=C stemdw*; *wmwl Dy U crttefla. 
Qrmp 3~atMorma) by FC stsndants; ^monrn) by U crHMla. 



7.44(0.90) 



7.62(0.49) 
10,2(1.50)» 



560(145) 
488(161) 
350(114)* 



2.07(0.55) 
2.16(0.46) 
2.21 (0.26) 



afaetes for the purposes of our study. Values of 9.1 to 9.4% are 
conaidered borderline in our study. These crtterift are based 
on the normal range that was found in our study for a pecu- 
lation of 35 healthy «ubjects (Table 1). 

Evaiuatton of the H(X.>Chole$teroi Assay 

Men with HDL- cholesterol values of <400 mg/L aad 
women with values <500 mg/L were considered to have « 
greater risk of h»ing diabetic. The data in Tabis 1 demon- 
stotttog means of 33? n^t for diabetic mm and 411 mg/L for 
diabetiic women served as guidelines for the estabiishment of 
these limits. 

Restitis 

Gtyc<rfiemogiobln (HbAi) 

The correlation between values for HbAj and serum glucose 
during fasting was examined by linear regression analysis in 
a fxipulation of healthy wnd diabetic subjects (Figure 2). HbAj 
was signifieantiy correlated (r = 0,74, p < O.OOi) with .-ierum 
glucose in this population of 63 individuals. There was no 
significant correlation (r ~ 0.07) when healthy subject were 
analyzed separately but there was a significant correlation {r 
« 0.57, p < 0.001) in the diabetic population. There was a 
highly significant HbAi increase in hospitalized uncontrolled 
diabetics (Table 1), The above results are conaistent with 
previously published research {13). 

We found a stgnificaitt increase in HhAj in a group of in- 
dividuals judged to be diabetic by both the oClT-FC and 



oGTT-U (Group 3, Tabte 2). There was no increase in HbAi 
in a group of subject* considered abnonaal by oGTT-FC cri- 
teria but normal by oGTT-U (Group 2). Tabte 3 shows addi- 
tional evidence that HbAi agrees with the oGTT only when 
the oGTT is evaluated by conservative standards. Forty four 
casually chosen oGTT's were scored by the eight evaluation 
methods described tn the Materials and Methods section. 
Tabte 3 shows the frequency of ^leeraent between paired 
scoring systems. HbAi Has a %h fiequmcy of agreement vilk 
oGTT-U (86.4%) and oGTT-UGDP (84.1%). When we focus 



Table 3. Frequaney (in 1>er Cent) of Agraamenf 
batwe^ Various T^arance Tast Seortng 
Methods, Hi»At, and HOi-Choiaateroi 

HOC- 







J06 




u 






84.1 


95.5 


86.4 


93.2 


81.8 


77.3 


76.2 


FC 


81.8 


84.1 


79.5 


77.3 


65.9 


71,4 




UGDP 


79.5 


90.9 


90.9 


84.1 


71.4 






J3S 


79.5 


75,0 


65.9 


66.7 








USPHS 


84.1 
U 


75.0 
86.4 


81.0 
76.2 
78.2 



Eaci) st&jem was (tsi^gneded nomisl, diab«rtte 

lite rtww tt«er p«s«m» «» p« Mrt ttprewnert 

con^isons, «A4eh Invotved 21 stAjoatt, 
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Table 4. Con^artson of ttie Diagnosis of Diatiotos by HbA, and oOTT 

w m vm» Mis u wsms 



No. st^jeots judged diabetic or borderline 

by oGTT evatuation meaw<J 
No. of above subjects scored 

norma! by HbA, 
Per cent that would be <:m^ 



only on those subjects diagnosed as diabetic or borderline by 
the six most commonly used oGTT scoring systems, we find 
that HbAi clMsifies 16,7 to 64.3% of them m normal {Table 
4). 

HDL-Cholestwol 

In deterauning HDL-cfaoiesterol we used standsu^ds In each 
eiectrophoresis run. As a result, HDL-cholesterd showed a 
good correiatlon with the phospfaotufigstate-m^esmm 
precipitation method (r = 0.96, Figare I). There was an in- 
verse relationship between HDL-choiesterol and HbAi (r ~ 
—0.42, p < 0.001) in a combined healthy and diabetic p<ipu- 
latton (Figure 3). Table 1 shows that concomitant with an 
increase in HbAj there is a s^ificant decrease in HDL-dto- 
lesteroi in dial^tics. Although a relatively small healthy 
population was used, oar values for mean HDL-cholesterol 
corresponded cl«»siely to data from the Ftamingham Study {14 
and footnote'*), Furthetniore, HDL-cholesterol concentrations 
were aigntficantly less in both men and women in our diabetic 
population than in the corresponding normal population in 
the Framingham Study. Table 2 shows that individuals clas- 
sified normal by oGTT-U and diabetic by oGTT-PC have 
normal HDL-cholesterol values. In contrast, our population 
of individuals diagnosed as diabeUc by both scoring methods 
has significantly subnormal HDL-cholesterol values and in- 
creased HbAj values. 

Subnormal HDL-cholesterol correspondetl with a frequency 
of 66,7 to 86.4% when paired with this commonly used oGTT 
scoring methods (W, FC, UGDP, JDS, USPHS. U), In com- 
parison, there was s^eement with HbAi in 16 of 21 subjects 
{16.2%, Table 3), 

Olseitssion 

Our data indicate that 37 to 64% of those individuals judged 
to he diabetic by the oGlT, as evaluated ".yy the comm<mly 
used scoring methods, would be classified as non-diabetic by 
results of the HbAi assay. When all 44 pairs were compared, 
the frequency with which there was diapiostic agreement 
between HbAi and the oGTT ranged from 65-9 to 86.4%. Only 
two evaluaUoa procedtires showed >8096 agreement with 
HbA,: oGTT-U mm and oGTT-UGDP {84.1%). oGTT^J 
is the moat conservative approach thus far reported for eval- 
uating the oGTT. oGTT-UGDP Is directly proportional to the 
area under the oGTT curve. Koenig et al. (4) reported a cor- 
relation between the area under the oGTT curve and HbAj«. 
Oar analysis of values for HDL-cholesterol in diabetics akra 
9ueg«ste a conservative approach to the diagnosis of diabetes 
metlitus. HDI^-cholesterol reportedly {9) correlates inversely 
wth serum glucose in diabetics. We found a mgnifiamt inverse 
correlation between HDL-choleaterol and HbAj. HDL-cho- 
lesterol values were significantly smalls in subjects evaluated 
as diabetics by both oGTT-FC and o<JTT-U. This finding 



'Standard deviations from the Frsmingham Study were kindly 
provided by M. C. Hjortiiand, National Heart, Lung and Blood In- 
stitute, Be^esda, MD 20014. 



11 13 S 14 e 9 

5 8 3 9 1 4 

4S.5 ei.S 37.5 64,3 16.7 44.4 



coincided with a significant HbAi increase. We found no sig- 
nificant differences from normal for either HDL-cholesterol 
or HbAi in subjects scored as diabetic by oGTT-FC but 
non-diabetic by oGTT-U. Because diabetes mellitus i* con- 
sidered to be a risk factor for coronary disease, it is not sur- 
pri»ng that diabetics have smaller HDL-cholesterol concen- 
trations. 

HbAi assay as a diabetes-screening technique has the ad- 
vantage of being insensitive to all those factors that af !ect the 
results of the oGTT, The only interferences reported thra far 
are shortened erythrocyte surs'ival time and the presence of 
fetal hemoglobin. Major drawbacks to acceptance of the HbAj 
assay have been the lack of valid controls for evaluating the 
test and time-consuming methods. Eecent advances in 
"high-performance" liquid chromatc^raphy {U) and the 
development of a semi-automated macrocolumn method 
partly solve the problem. The mini-column chromatographic 
assay for HbAi that we have described is simple, economical. 




Fig. 2. Correlation between HbA, and awfum gluc»se &i heslWiy 
(X) and diabeUc {o} subjects 

n = 73, f = 0.744, p<ft.m,y^ 3.06* + S.62 




Fig. 3. Coireiatioo betwow f«H.-<*<«e$tefo! and HbAi *n 
hsaithy {x) and dia^io (o) s^ieots 

n = «3, f = -0.419. p < 0.001. y = -O.OOSIx -^ 13.9 



CUNICftL CHEMISTRY. Vat. 25, No. 5, 1979 M7 



reprtniucible, ami feasible for use in a smaSi hospital labora- 
tory. The utilization of a coramerciaHy availabie st^mdard 
allows for corrections of inter- run differences catJBe<J by the 
sensitivity of the columrt technique to ambient temperature 
and coiwmn packing. Althougrh not feasible for fast tietermi- 
natton of HhA) in lai^e numbers of aamplea, high-perfor- 
mance liquid chromatography couid be used to accurately 
Quantitate the HbAj content of the standards used to caKbrate 
the cotumn method. 

We did not attempt to relate HbAi or any of tbe oGTT 
evaluation methods U> the microangiopathic sequelae of dia- 
betes- It is swpriaing and disappointing that HbAjc fails to 
correlate with basement membrane thickening {4, / 7). 

Interestingly, Peterson et al. reported {18) a correlation 
between serum triglyceride and HbAic t» diabetes mellitus, 
but we found no correiation between HfoAi and seruin cho- 
lesterol 

This study dearly demonstrates that the use of HbAt as a 
detection assay for diabetes meiUtus necessitates the accep- 
tance of conservative criteria for the dtagnoats of diabetes. 
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